Objective -Evaluate early and late evolution of patients submitted to primary coronary angioplasty for acute myocardial infarction.
Ischemic heart disease stands out among the disorders of the cardiovascular system because of its high prevalence and its impact on mortality in the general population. Ischemic heart disease accounts for 34% of all mortality causes, with similar figures for the entire American continent; in Brazil, it accounts for 300,000 deaths per year or 820 deaths per day. We can speak of an epidemic, which replaces the infectious diseases that predominated as the major cause of death until the middle of the century 1 . Acute myocardial infarction is the most severe form of presentation of ischemic heart disease. Even though the risk of death decreases as days go by after the event, 20% to 30% of patients are estimated to die in the initial hours of acute myocardial infarction, and, of these, 50% die in the first hour of clinical onset 2 .
From the historical point of view, since the beginning of its use, coronary thrombolysis with its diverse agents has been shown to be effective in coronary reperfusion in randomized clinical trials. The result is a decrease in the area of infarct, and improvement in the ventricular function, which leads to better indices of survival and reduced morbidity and mortality [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . Other randomized and nonrandomized clinical trials have suggested that primary angioplasty may result in a higher rate of coronary reperfusion and patency, a lower index of reoclusion and of systemic bleedings, a shorter time of hospitalization, and a reduction in hospital costs; on the other hand, other studies have shown no significant difference [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] . However, primary angioplasty is well known to be of difficult and limited applicability in our environment, because of our geographical, political, and, mainly, economic situation, which limits the access to the procedure to a small part of the population. In our country, few are the hospitals and physicians skilled to perform interventional procedures, and, even fewer are those who can use them in emergency situations. In addition, due to the inadequate follow-up and low socioeconomic level of our patients, the advantages of the cost-benefit ratio of the procedure obtained in the medium-and long-term in the large studies are not always reproducible.
The problem in question is to assess whether primary angioplasty is feasible, and whether it is adaptable to the reality of a given community, involving the concept of effectiveness and not that of efficacy.
Therefore, we find plainly justified a study whose major objective is to assess the results, complications, and evolution of patients with acute myocardial infarction treated with primary angioplasty in an institution with important representation in our country.
Methods
We conducted a contemporary noncontrolled cohort study, in which the factor studied was being part of a population that underwent primary angioplasty for the treatment of acute myocardial infarction at the Instituto de Cardiologia do Rio Grande do Sul/Fundação Universitária de Cardiologia during the period from 3/1/97 to 9/30/98.
We enrolled the patients in a consecutive manner, and the decision to use primary angioplasty as therapeutics of revascularization was the responsibility of the assisting team.
The patients presenting for the procedure with a duration of myocardial infarction shorter than 12 hours were included in the study, even patients in cardiogenic shock, previous infarction, and with a previous revascularization procedure were included.
The material used was that available at the laboratory, which may have varied according to the supplier and market prices. The diameter of the balloon varied according to the diameter of the culprit artery, always aiming at the proportion of 1:1. The thickness of the guide wire was 0.014 inches, and the guiding catheters had a diameter of 8 French.
All patients received aspirin at the dosage of 100 to 500 mg, and 10,000 to 15,000 units of heparin prior to the procedure. The team in charge decided the use of other medications, such as ticlopidine and glycoprotein inhibitors, and stent implantation. The procedure was performed with no control of the coagulation tests, and the technique, time of inflation, and pressure of the balloon were decided by the physician in charge of the procedure. Except when contraindications existed, all patients were maintained for at least 24 hours with heparin at the dosage of 20,000 to 25,000 units per day. After the procedure, the patients were referred to the coronary unit or returned to the emergency department.
All complications were registered for further analysis. Doppler echocardiography was always performed before hospital discharge to assess the ventricular function and the regional motility of the heart. The analysis of ventricular function was performed through the conventional manner and the method of acoustic quantification, which, according to Castro's report 33 , has a high correlation and concordance with the information obtained on cineangioventriculography.
After hospital discharge, the patients were scheduled to return for an ambulatory clinical visit and a new echocardiography in 6 to 12 months. In all patients who had completed the follow-up, echocardiography was repeated with acoustic quantification, preferably performed by the same examining physician. New coronary and noncoronary events, the patient's clinical condition, and the need for a new revascularization procedure or hospitalization were also recorded. Those patients who missed the follow-up visits were contacted by telephone, telegram, or letter, and advised to seek the hospital for assessment.
The angiographic analysis, due to its subjectiveness, was carried out by 2 interventional cardiologists, and, in case of disagreement, it was referred for a third opinion.
Data were stored in EPI INFO data bank version 6.0. Bivariate analysis was performed for the variables considered possible risk factors for mortality or for those considered potential confounders. The t test was used for continuous variables, and the chi-square test or Fisher exact test was used for categorical variables.
To assess the factors determining major and minor outcomes, models of logistic regression were used in which clinically significant variables were included according to theoretical assumptions.
Assessment of survival was performed with the aid of the Kaplan-Meier method using life tables and graphs, which described the combined events during the total follow-up of the patients.
The values for ventricular function obtained through echocardiography performed before and after the procedure were compared using the t test for paired samples.
In all analyses, a critical alpha <0.05 was considered for determining statistical significance.
Results
In-hospital phase -During the period from 3/1/97 to 9/ 30/98, 858 patients were admitted to the Instituto de Cardiologia do Rio Grande do Sul with the diagnosis of acute myocardial infarction. Of these, 44% received the conventional treatment, 41% underwent thrombolysis, and 15% were referred for primary angioplasty. The study's sample comprised 135 consecutive patients. The general characteristics are shown in table I.
The time estimated between pain onset and the beginning of the procedure was 3.2±2.8 h, ranging from a minimum of 10min to a maximum of 12h; the time period between hospital admission and inflation of the balloon was 86±43min.
The reason for performing primary angioplasty as a therapeutical option for acute myocardial infarction was due to the preference of the team assisting the patient in 44% of the cases, followed by absolute contraindication to thrombolysis in 22.2%, cardiogenic shock in 11.9%, reinfarction in 11.1%, and other causes in 10.4%.
Success in the procedure was considered the obtainment of TIMI 3 flow with residual stenosis lower than 50% in a patient who had survived acute myocardial infarction. A success rate of 78% was obtained. In 22 (16%) patients, stents were implanted because of unsatisfactory results of the conventional angioplasty. No patient received glycoprotein IIb/IIIa inhibitors.
In-hospital mortality was 18.5%, corresponding to 25 patients, 54% of whom died during the procedure. Table II shows the bivariate associations of the different factors with this worse in-hospital evolution. Functional class, a mean blood pressure lower than 60mmHg, and age ≥ 75 years old were significantly associated with higher mortality. The variables independently associated with in-hospital mortality were analyzed with a model of multiple logistic regression (tab. III).
The mean duration of hospitalization was 8.5±6 days (minimum of 1 day and maximum of 38 days). Cardiac complications occurred in 21 (19.1%) patients, postinfarction angina being the most prevalent, occurring in 9 (8.2%) patients, followed by heart failure in 8 (7.3%) patients, reinfarction in 3 (2.7%) patients, and acute mitral insufficiency in only 1 (0.9%) patient. In regard to the need for new revascularization procedures, new myocardial revascularization was required in 7 (6.3%) patients, and new primary angioplasty in 3 (2.7%) patients.
Of the 110 patients who survived, 100 (74.1%) were discharged from the hospital with no symptoms and requiring no additional procedures. In 98 patients, echocardiography with acoustic quantification was performed to assess the ventricular function on the day of hospital discharge, and the mean ejection fraction of the patients was 49.5%±12%.
Late evolution -Only a small number of patients (26 out of the 100 patients who were discharged asymptomatic from the hospital) underwent control coronary angiography, because this exam was not part of the protocol and it was exclusively up to the assisting team to decide upon its performance; the mean period of time for the new test was 98 days. Ten (38.5%) patients maintained the angiographic findings unaltered. Restenosis obstructing more than 50% of the lumen of the vessel occurred in 8 (30.8%) patients, and reocclusion in 5 (19.2%) of the arteries treated. Progression of the disease in a site other than that dilated was observed in 3 (11.5%) patients. Before the date scheduled for reassessment, major clinical events occurred, and they are listed in table IV.
Of the 100 patients who were discharged asymptomatic, 26 had 1 event, and 4 were lost or were withdrawn from the study; therefore, the clinical reassessment proposed was carried out in 70 patients, who represented 51.2% of the initial sample. Figure 1 shows the Kaplan-Meier curve depicting total survival until the date of the new medical visit, and survival free from an event until the end of the study. The mean follow-up was 142.9±114.5 (median of 181.0) days. At the time of clinical follow-up, 57 (81.4%) patients out of the 70 who remained under observation were asymptomatic, 9 (12.8%) had angina pectoris on medium and major exertion, and 4 (5.8%) had symptoms of heart failure on medium and major exertion.
Echocardiography with acoustic quantification was performed in all 70 patients who returned for follow-up with no clinical events. The mean ejection fraction was 48.4%±11.9%. It is noteworthy that, in these cases, no statistically significant difference was observed between the echocardiographic measurement at the time of hospital discharge (49.5%) and that at the time of the final follow-up (48.7%), showing that no increase in ventricular function occurred in those individuals who survived free from events in a global analysis.
The factors associated with worse clinical evolution (major events) through the bivariate analysis are shown in table V. A reduction in the rate of events was only observed in the patients with stent implantation and coronary disease restricted to 1 vessel. These variables, which associated with a higher incidence of events in an independent manner, were analyzed with a multiple logistic regression model (tab. VI). Figure 2 shows, with the aid of a Kaplan-Meier curve, the best evolution during the period of observation of those patients who had received stents during primary angioplasty in regard to major events.
Discussion
Primary angioplasty is not the most common treatment for myocardial reperfusion at our institution. Primary angioplasty was the choice in the most severely ill patients, in those at higher risk, in those with contraindications to other procedures, and in those cases in which the soliciting physician was certain about that being the best method.
In regard to the predominance of the male sex, mean age, time delay for initiation of treatment, vessel treated, location of the infarct, and initial flow assessed according to the TIMI classification 34 , data are similar to those found in other series reported in the literature [35] [36] [37] . On the other hand, in regard to the previous pathological history, hypertension, tobacco use, diabetes mellitus, dyslipidemia, previous infarction, and obesity, these data are largely variable when compared with those of other series 28, 35, 38 . This may be due to the fact that this was a heterogeneous nonrandomized population, and, therefore, not reliably representing all those patients with acute myocardial infarction.
The high number of patients with Killip III and IV functional classes and with mean blood pressure below 60mmHg in our study is noteworthy. These patients, who were excluded from or accounted only for a reduced part of the sample in most series and clinical trials [25] [26] 35, 39, 40 , constituted approximately 13% of our study's sample and directly contributed to the higher number of unsuccessful cases, mortality, and worse evolution.
The reason for performing primary angioplasty for the treatment of acute myocardial infarction is difficult to compare, because most studies are randomized, and, consequently, only those 2 alternatives exist. Smyth et al 38 , in their cohort study in New Zealand, report data very similar to that here presented. Therefore, it seems that, in nonrandomized studies, the reasons are similarly distributed, considering local rules and routines.
The in-hospital mortality of 18.5% and the angiographic success of 78% are not in total accordance with the results reported in the literature, which range from 0% to 10% and from 73% to 98%, respectively [24] [25] [26] [27] [28] [29] 35, [37] [38] [39] 41 . However, we should consider that this cohort assesses the patients in a global manner, without excluding the most severely ill ones with Killip III and IV functional classes, and that it uses a very strict criterion for the definition of success of a procedure, which is exclusively the obtainment of TIMI 3 flow, with residual stenosis lower than 50% in patients surviving an event. The clinical trials are far less strict in defining success, considering only the patients undergoing the procedure and not the total sum of the randomized patients.
In addition, in these clinical trials, the patients, in whom TIMI 2 flow is obtained, are included in the success group, and, frequently, those patients in poorer clinical condition are not considered. If we excluded the patients with Killip III and IV functional classes, and considered TIMI 2 flow as successful, the rate of success of the procedure in our series of patients would increase to 86%, and mortality would drop to approximately 8%. These indices are close to those obtained in noncontrolled studies 29, 41 and to those provided by the CENIC records 42 , in which the general success of primary balloon angioplasty is 84%.
Only the following parameters were significantly related to higher mortality: age >75 years, Killip III or IV functional class, mean blood pressure, and failure during the procedure. To avoid the effect of colinearity, blood pressure was excluded from the model of multiple logistic regression, and, due to conceptual reasons, because survival was a criterion of success of the procedure, angiographic success was also excluded to avoid a confounding bias. These findings are supported by those of the PAMI study 23 , MITI study 29 , and the studies by Garcia et al 39 and Azmus 41 , which proved that advanced age was a variable independently associated with higher mortality. Functional class, as defined by the criteria of Killip-Kimbal at hospital admission, was the major determinant of worse in-hospital evolution. Mortality in this subgroup was 76.5%. These results were similar to those reported in the literature 43 for patients in cardiogenic shock, but different from those reported in the SHOCK clinical trial 44 , in which mortality dropped to 46%, with a better benefit for the nonelderly population. The occurrence of 54.4% of the deaths in the most acute phase of acute myocardial infarction suggests the presence of extensive myocardial damage.
Better results are known to be directly related to the duration and quality of the procedure. Well-known data from clinical trials with thrombolytic agents 1 show a linear reduction in mortality as soon as the treatment is started. The same may be properly applied to primary angioplasty 45 . The mean time duration in this series was 3.2±2.8 hours, which was longer than that reported with the use of thrombolytic agents 32 , which varied from 20 to 84 min, but similar to that obtained with primary angioplasty, when the time elapsed from symptom onset to inflation of the balloon was considered. Quality of reperfusion is a synonym for flow restoration, expressed by TIMI 34 ; it is currently a consensus that obtainment of TIMI 3 flow is associated with a better prognosis and greater preservation of the cardiac muscle than that of TIMI 2 flow 46 . Grines et al 47 have shown in a metaanalysis that when TIMI 3 flow is obtained, a reduction up to 46% in mortality occurs as compared with that in TIMI 2 flow. These results are more evident in subgroups of diabetic patients with infarction of the anterior wall. Therefore, we emphasize the objective of this series to value as successful only the obtainment of plain anterograde coronary flow (TIMI 3 flow).
Even though mortality does not change, the occurrence of complications in the in-hospital phase, specifically angina or reinfarction, is known to be lower in patients undergoing primary angioplasty as compared with those undergoing thrombolysis 32 . In our study, these complications added to 10.9%, which is a result similar to the best results obtained in clinical trials, which ranged from 9 to 15%. Therefore, excluding the deaths, which characterized a more severely ill population, our population is in accordance with the selected patients of other studies.
The relation between coronary patency and preservation of ventricular function is well defined. Because we believe that a long-term beneficial effect with recovery of the hibernating and stunned myocardium and a reduction in the ventricular remodeling exist, we chose a later comparative analysis. The mean value of ventricular function of 49.5%±12% obtained prior to hospital discharge in the surviving patients means that this is a group with a favorable prognosis. These results are similar to the 48% reported by Garcia et al 39 and the 49% of the TIMI 2A study 20 , but are below the 53% reported by Gibbons 25 and the 56% of the TAMI study 48 . The mortality rate in the first year for those patients who survived free from events in the in-hospital phase was 2%. This result is similar to that reported by several authors and compiled by Stone 49 , which ranged from 1% to 5%, in a follow-up period from 6 to 24 months. On the other hand, the late results of the PAMI study have shown a mortality rate of 1.1% in 6 months 50 and of 6.2% accumulated in 24 months, excluding the in-hospital events 51 . Garcia et al 39 reported a mortality rate of 1.8% by the end of 6 months, and Zijlstra et al 52 reported a mortality rate of 3.9% in 18 months. When the results of these latter series are compared with ours, one may see that the mortality rate in our series by the end of 12 months is low. Therefore, those patients who were discharged asymptomatic comprised a group very distinct from those with poor in-hospital evolution, because they had a high rate of survival, which may be explained by the fact that most of this group had normal ventricular function and good clinical management.
The incidence of reinfarction was 5% by the end of the observation period. In the study by Garcia et al 39 , this rate was 3.7% in 6 months. In the PAMI study, the recurrence rate of nonfatal acute myocardial infarction in 6 months was 2.6% 50 , and 10.8% by the end of 2 years 51 . Zijlstra et al 52 reported lower figures with 2.6% in 18 months. Therefore, our population seems to behave in accordance with that in other studies in this regard. The need for a new percutaneous or surgical revascularization procedure is another interesting point. In our series, the total of cases of new angioplasty with or without stent implantation or need for an aortocoronary bypass is 15%, which is similar to that reported by Garcia et al 39 in 6 months, but lower than the 17.9% and 45.7% observed in the 6-month 50 and 2-year 51 follow-up of the PAMI study, respectively. Once again, the good outcome of this cohort study as compared with others is noteworthy.
In our study, we classified stroke, anginal pain, and heart failure requiring hospital admission as major cardiovascular events, unlike the large studies, which do not characterize these events like we did. They represented an increase of 4% in events by the end of 12 months and stressed the strictness in assessing the outcomes in our study.
The sum of all late events in our series was 26%, but it is interesting that most of them (96%) occurred in patients who had undergone conventional angioplasty with no stent implantation, suggesting that coronary endoprostheses are a factor of protection in reducing events. Preliminary studies have already pointed out this trend 53 , especially in optimizing the results of less satisfactory conventional angioplasties. Short clinical trials have shown the potential superiority of stent implantation upon conventional angioplasty with a combined reduction in mortality, restenosis, and need for new revascularization in the group treated with stent as compared with that treated with balloon. Larger studies have confirmed this trend. The FRESCO trial 54 has shown a reduction of 61% in the detection of angiographic restenosis, which has determined a reduction of up to 72% in the need for new revascularization of the vessel treated and coronary events in up to 6 months; these results are similar to those of the GRAMI 55 , ESCOBAR 56 , and PAMI-STENT trials. It has already been shown that these advantages do not translate into a reduction in mortality but in nonfatal events. This concept may perfectly apply to our country, which means that the results could be even better if more resources were available; they are frequently not available exclusively due to economic and not technical limitations.
The literature is unanimous in reporting an improvement in ventricular function after a successful primary angioplasty in the short-and long-term. Linderer et al 57 , in a series of 145 patients, showed a 4% improvement in global ventricular function by the end of 7 months of observation, the improvement being more evident in the patients with worse ejection fraction. Miketic et al 58 and Salas et al 59 have shown the same with increases of up to 6% in the ejection fraction in the 12-month follow-up. Brodie et al 60 , in a series of 1,352 patients, reported that the increase in ventricular function with early reperfusion, within 2 hours of evolution, may reach 6.9% and drop to 3.1% for longer periods. The results of our study, despite lack of statistical significance, do not disagree with the results of previous series because the absolute values of improvement in the ejection fraction previously reported do not have relevant clinical significance. On the other hand, we may attribute this lack of gain in ejection fraction to the duration of our intervention, a mean of 3 hours longer, or to limitations in the method of analysis that could not be detected because most studies assess left ventricular function with contrast cineventriculography, different from ours.
Even though our study is limited because it comprises a heterogeneous and nonrandomized group of patients, with biases intrinsic to the design of the study, the analysis of the results of this cohort shows the effectiveness of the method within a local clinical context. It also evidences the borderline of the ideal world of clinical trials, which are carried out in optimal conditions and with unlimited resources, and the actual world with observational studies, which reflect the daily practice with its difficulties and restrictions.
